INTRODUCTION
Percutaneous epidural neuroplasty (PEN) is a minimally invasive therapy in which a flexible and steerable catheter is inserted directly into a region affected by a herniated disc or scar tissue that is thought to be compromising a nerve root. PEN has been used to treat intractable chronic pain that is nonresponsive to more conserva-LDH. To the best of our knowledge, no clinical observations of the efficacy of PEN for treating LDH have been conducted, nor have any clinical comparisons been made according to dural sac cross-sectional area with more than 12 months of follow-up.
MATERIALS AND METHODS
After gaining Institutional Review Board approval (IRB No: 3190493AN01-201310-HR-006), patients meeting the following criteria were enrolled in this retrospective observational study: 1) diagnosed with single level LDH, 2) single level LDH was classified from L3/4 to L5/S1 (inclusive), 3) underwent PEN treatment at a single hospital from February 2010 to March 2011, and 4) underwent follow-up study for more than 12 months. Single level LDH diagnosis was based on MRI findings, clinical symptoms, and a neurological examination. To measure the dural sac cross-sectional area (mm 2 ), MRI scans were analyzed and manually marginated using an imaging program (PACSPLUS PPW, Medical Standard, Seongnam, Korea). The cross-sectional area was separated into total spinal canal area and disseminated into the dural spinal canal area, as presented in Fig. 1 . Patients were classified into groups according to their dural sac cross-sectional area, including 50% canal compromise (Category 1-1, less than 50%; Category 1-2, more than 50%) and 33.3% to 66.7% canal compromise (Category 2-1, less than 33.3%; Category 2-2, between 33.3% and 66.7%; Category 2-3, more than 66.7%). All patients had suffered from chronic lower back or leg pain for at least 1 month; furthermore, conservative treatments such as anti-inflammatory medications, physical therapy, and conventional epidural steroid injections had failed to provide acceptable pain relief. Additional inclusion criteria for patients were: 1) older than 18 years of age, 2) diagnosis of single level LDH with radicular pain or radiculopathy symptoms refractory to conservative treatments, 3) able to provide written consent to participate in a clinical trial, and 4) suspected presence of adhesion. Patients with multi-level LDH, lumbar stenosis, spinal cord lesions, hyaluronic acid-sensitive side effects, and uncontrolled diabetes, as well as those who had undergone previous lumbar operations, were excluded.
The Visual Analogue Scale (VAS; score range: 0 to 10, with 0 reflecting no pain) for back pain (VAS back) and leg pain (VAS leg), as well as Odom's criteria, which rate outcomes as excellent, good, fair, or poor, were used to evalutive management techniques and has shown good clinical efficacy. [1] [2] [3] Furthermore, PEN has been shown to have certain advantages over physical therapy and caudal epidural steroid injections for the treatment of chronic lower back and leg pain; namely, PEN potentially reduces the number of adhesions and the amount of fibrous tissue, which can prevent the spread of injected medications around the affected neural tissues. 4, 5 Thus, PEN is usually performed in patients for whom conservative treatments and conventional injections have failed.
Lumbar disc herniation (LDH) is recorded in a large number of cases of lumbar nerve root compression including those involving young patients, [6] [7] [8] and fibrous and scar tissue around nerve roots may cause continuous neuropathic pain. Moreover, adhesions formed after spinal surgery may also result in chronic inflammation and nerve root irritation. For patients without significant neurological deficiencies, conservative treatments of lower back pain are likely sufficient for optimal short and long term outcomes. Therefore, recent studies have attempted to determine the efficacy of PEN for treating disc disease. In one such study, disc disease was classified into different types, including bulging, protrusion, extrusion, and sequestration, or by Pfirrmann disc degeneration grade according to magnetic resonance imaging (MRI) results. 9 Interestingly, the efficacy of PEN according to the type of lumbar disc disease was not determined, as the authors purported that the type of lumbar disc disease is not significantly correlated with the severity of disc disease. Thus, we conducted this study to determine whether the clinical outcome of PEN is affected by the patient's dural sac cross-sectional area and also to evaluate the effectiveness and safety of PEN for treating single level For statistical analysis, Student's t-test, ANOVA, and the chi-square test were conducted to determine the significance of radiological and clinical outcomes. All statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL, USA), with statistical significance defined as p<0.05.
RESULTS
In total, 363 patients were enrolled in this study, each with more than 12 months follow-up; moreover, 102 of these patients were followed for 24 months. Target levels were consecutive in 26 cases for L3/4, in 229 cases for L4/5, and in 108 cases for L5/S1. Among these patients, 277 cases (76.3%) were injected with single nerve root blocks prior to adhesiolysis. The demographic data of the groups are summarized in Table 1 and Fig. 3 . The average age at treatment was 46.9 years old, and 48.8% of patients were male. Group 1 patients included Category 1-1 (degree of spinal canal compromise less than 50%), containing 157 patients with 12 months follow-up and 43 patients with 24 months follow-up, and Category 1-2 (degree of spinal canal compromise more than 50%), containing 206 patients with 12 months follow-up and 59 patients with 24 months followup. Group 2 patients included Category 2-1 (degree of spinal canal compromise less than 33.3%), containing 75 patients with 12 months follow-up and 21 patients with 24 months follow-up; Category 2-2 (degree of spinal canal compromise between 33.3% and 66.7%), containing 154 ate the clinical effectiveness of PEN. Its effectiveness was measured in terms of pain reduction and functional improvement before treatment (as a control), and then at 1, 3, 6, 12, and 24 months after PEN treatment. Each patient rated the average severities of his/her symptoms over the week preceding his/her visit. Successful pain relief was described as a 50% or more reduction in the patient's VAS score; good or excellent results by Odom's criteria were considered to reflect favorable outcomes.
PEN was performed with a fluoroscopy machine in a sterile operating room with monitoring equipment for blood pressure, pulse rate, and pulse oximetry. The fluoroscopy machine was adjusted over the lumbosacral area such that a caudal approach could be used for both the anteroposterior and lateral views. After appropriate positioning of the fluoroscopy machine, the needle insertion area around the sacral hiatus was determined and then injected with local anesthetic. An RK needle (Epimed International Inc., Johnstown, NY, USA) was introduced into the caudal epidural space under fluoroscopic guidance, and a lumbar epidurogram was performed using approximately 5 mL of a non-iodinated contrast agent (IOBRIX, ACCUZEN, Seoul, Korea). Filling defects were identified by examining the contrast flow pattern (Fig. 2) . The placement of the needle was confirmed to be neither intravascular nor subarachnoid; if such mispositioning occurred, the needle was repositioned. After performing diagnostic epidurography, a Racz catheter was advanced through the RK needle to either the area of the filling defect or the site of pathology, as determined by MRI. Adhesiolysis was then carried out, and the needle was finally positioned in either the epidural space or into the lateral and ventral epidural space. Following satisfactory positioning of the catheter, at least 3 mL of contrast agent was injected. In the absence of subarachnoid, intravascular, or other extra-epidural filling, and when the epidural and targeted regions were satisfactorily filled, 6 mL of 0.2% preservative-free ropivacaine, containing 1500 units of hyaluronidase and 4 mL of 40% triamcinolone acetate, was injected. One hour after this procedure, 6 mL of 8% sodium chloride solution was infused over 30 minutes in the recovery room, under monitoring. The intravenous line and epidural catheter were removed, and the patient was discharged if all parameters were satisfactory. The first follow-up examination was performed 2 weeks after the procedure. During these two weeks, all participants received non-steroidal anti-inflammatory drugs and muscle relaxants to reduce procedure-related discomfort. 1 and 2 exhibited similar sex ratios, manifestations of symptoms, preprocedural symptom durations, and VAS scores for back and leg pain.
Clinical assessment results are summarized in Figs. 4 and 5. The mean VAS scores of back and leg pain, respectively, were: 6.8 and 4.1 preoperatively, 1.9 and 1.2 after 1 month, 2.3 and 1.4 after 3 months, 2.2 and 1.4 after 6 months, 2.9 and 1.5 after 12 months, and 3.2 and 1.9 after 24 months (all p<0.001 compared to preoperative status, with 363 cases followed for 12 months and 102 of these followed for 24 patients with 12 months follow-up and 47 patients with 24 months follow-up; and Category 2-3 (degree of spinal canal compromise more than 66.7%), containing 134 patients with 12 months follow-up and 34 patients with 24 months follow-up. In each group, old age tended to correlate with a higher degree of spinal canal compromise (mean age 42.8 years old in Category 1-1 and 48.3 years old in Category 1-2, p<0.001; mean age 43.5 years old in Category 2-1, 44.0 years old in Category 2-2, and 49.5 years old in Category 2-3, p=0.795, 0.002, and 0.001, respectively). Groups 12-or 24-month follow-up examinations). No statistically significant differences in dural sac cross-sectional areas were observed between any categories or groups (Table 1) .
DISCUSSION
In the present study, patients were categorized according to the extent of dural sac cross-sectional area compromise; clinical outcomes after PEN treatment did not correlate with the degree of compromise. Some studies have reported a correlation between the degree of spinal canal compromise and the extent of clinical symptoms; however, all of these studies focused exclusively on lumbar spinal stenosis. [10] [11] [12] [13] In contrast, the degree of radiographic lumbar spinal stenosis was found to have no relationship with either the extent of clinical symptoms or the Oswestry Disability Index percentage score. 11, 12 Regarding a possible correlation between spinal canal dimensions and the efficacy of epidural steroid injections in spinal stenosis, spinal canal dimensions have months). Within Group 1 (Fig. 4) , the mean VAS scores of back and leg pain, respectively, improved from 6.9 and 4.0 (preoperatively) to 2.8 and 1.4 (12 months after PEN treatment) and 2.8 and 1.9 (24 months after PEN treatment) in Category 1-1. Likewise, VAS scores improved from 6.8 and 4.2 (preoperatively) to 2.9 and 1.6 (12 months after PEN treatment) and 3.6 and 1.9 (24 months after PEN treatment) in Category 1-2 (all p values<0.001 between preoperative scores and scores at either 12-or 24-month follow-up examinations). Within Group 2 (Fig. 5) , the mean VAS scores of back and leg pain, respectively, improved from 6.8 and 3.9 (preoperatively) to 2.8 and 1.3 (12 months after PEN treatment) and 2.6 and 2.3 (24 months after PEN treatment) in Category 2-1; from 6.8 and 4.3 (preoperatively) to 3.0 and 1.7 (12 months after PEN treatment) and 3.4 and 1.4 (24 months after PEN treatment) in Category 2-2; and from 6.8 and 4.3 (preoperatively) to 3.0 and 1.7 (12 months after PEN treatment) and 3.4 and 1.4 (24 months after PEN treatment) in Category 2-3 (all p values<0.001 between preoperative scores and scores at either In conclusion, PEN is an effective procedure for treating single level lumbar disc herniation, without affecting the dural sac cross-sectional area. been reported to have no predictive power for assessing the success of epidural steroid injections in patients with spinal stenosis. 13 Park, et al. 10 also reported that PEN showed similar efficacy for the treatment of lumbar spinal stenosis; moreover, PEN did not affect the dural sac cross-sectional area. The main result obtained in the present study is consistent with all of these previous reports; namely, that different clinical outcomes are not correlated with the degree to which disc material has been compromised. These results also corroborate a previous study by our group. In this previous study, LDH type was categorized as bulging, protrusion, and extrusion, or according to Pfirrmann disc degeneration grade; however, no significant clinical differences between these types of LDH were observed during a 12-month follow-up period after PEN. 9 Furthermore, surgical decompression was performed during the 12-month follow-up period for patients of the following LDH types: 7.3%, bulging; 13.8%, protrusion; 25.0%, extrusion; 30.0%, sequestration; 4.9%, Pfirrmann canal compromise grade 0; 14.0%, grade 1; 16.4%, grade 2; and 21.5%, grade 3.
9,14
Percutaneous epidural adhesiolysis has been reported to be an effective method for treating degenerative central lumbar stenosis. 1, 15 For example, Manchikanti, et al. 15 found that percutaneous epidural adhesiolysis resulted in pain relief (≥50%) in 76% of participants at 1 year following the procedure. Furthermore, a systematic review found that PEN is an effective treatment for managing chronic lower back pain (Level I to Level II-1) in patients with post-lumbar surgery syndrome. 2 Pain relief achieved by PEN may result from dissolution of aberrant adhesions, as well as targeted delivery into the affected site of local anesthetics, steroids, and hypertonic sodium chloride solutions. However, our precise knowledge is currently limited regarding the management of back and lower extremity pain associated with spinal stenosis. 16 There are several limitations of the present study. First, this study was a retrospective analysis. Second, this study lacked a normal control group. Hence, improvements in clinical outcomes after PEN could not be distinguished from the natural course of LDH progression. Third, the distribution of subjects according to level and type of LDH was not optimal for achieving the objectives of this study. Despite these limitations, we gleaned important clinical insights. We initially hypothesized that the efficacy of PEN would differ according to the type of LDH or Pfirrmann grade of disease; contrary to our prediction, the clinical outcomes of extrusion and sequestration LDH type were excellent. We
